This paper aims to measure and analyze the behavior of the fault current when the interturn fault occurs between turns in three-phase induction motors. A 3-HP induction motor is used in the experiment setup to study the effects of a short circuit during the interturn fault occurrence. For induction motor, the winding of induction motor is divided into 5 positions so that the interturn fault signals can be obtained. The results from interturn fault characteristics study shown that current waveform during interturn fault has a sudden change and increases in short period of time. In addition, when interturn fault occurs, the size of load and length of gap are influential factors that affect fault current, not the position of fault. Finally, the results obtained from the analysis will be beneficial in the development of a fault detection scheme.
Introduction
Currently, the three phase induction motor is widely used; its performance has been developed far more than its predecessor and becomes a popular device in industrial sector. However, the inspection and maintenance are necessary for the induction motor to keep the motor's performance and durability in high level. The regular examination and analysis of any problems or abnormalities that may be occurred in motor are required to ensure that the motor is in workable condition.
The failure of coil's insulator is one of those problems. Firstly, it will cause a turn-to-turn short circuit (interturn fault) and then it will spread to coil-to-coil short circuit, then phase-to-phase short circuit and, lastly, a coil-to-ground short circuit. To overcome the problem before causing more serious problems, the characteristics of fault current are necessary to study the precise protection scheme including to improve a performance of induction motor. In the past decade, the several literatures have been proposed about characteristics of fault signals for the induction motor. Many researches have attempted to model and analyze the impact of motor failure and they show that one of the most damage occurring in a three-phase induction motor is the interturn fault, which can occur in every position. It is necessary to understand fault behavior before performing a decision algorithm. Therefore, this paper focuses on the behavior of interturn fault in the three phase induction motor. The single fault is performed using the experimental setup with the 3-HP induction motor. In addition, the winding of induction motor is divided into 5 positions along the length of winding so that the interturn fault signals can be obtained. In addition, the various case studies were performed by changing the position of fault, the length of fault gap including varying the mechanical load.
Experimental Setup and Results
In this paper, the 3-HP induction motor is performed as the experimental setup for generating the interturn fault signal. The single line diagram of the experimental setup is shown in Fig. 1 . By considering Fig. 1 , the supply voltage is the three-phase balanced supply using the 3-phase variable auto-transformer as shown in Fig. 2(a) . For the next, the winding of induction motor is divided into 5 positions as shown in Fig. 2(b) . To implement the interturn fault, the fault control with magnetic contractor is performed as shown in Fig. 2 (c). The fault current signals obtained from the experimental setup are shown in Table 1 and Fig. 3 . By observing Fig. 3 ., to understand fault behavior when the interturn fault occurs, the length of fault gap is varied with the increase of each step of 1 as shown in Fig. 3(a) , 3(c), 3(e) while the fault position is also varied from position 1 to position 2 as shown in Fig. 3(b), 3(d), 3(f) . By considering Fig. 3(a) , when the interturn fault occurring between position No. 1 and No. 2 (the length of fault gap is step 1) that is considered as an example, it can be observed that, the switch of fault control is initially be opened, and then closing the switch of fault control so that the amplitude of current signal changes immediately on the faulty coil after the fault occurrence. This indicates that the fault detection decision algorithm works correctly and is beneficial. For the other position of interturn fault (fault between position No. 2 and No. 3 that the length of fault gap is also step 1) that is taken in consideration as shown in Fig. 3(b) , it can be seen that the root mean square current (I rms ) has a value less than the interturn fault between position No. 1 and No. 2.
On the other hand, by increasing only the length of fault gap (step 2 and step 3 respectively) and not the position of fault (position of fault is No. 1) as shown in Fig.  3(c), Fig. 3(e) and Table 1 , it can be seen that the obtained root mean square current (I rms ) is significantly increased and more than the length of fault gap as step 1. Similarly, for the other position of fault, the root mean square current (I rms ) is also significantly increased in comparison with the length of fault gap as step 1; this is the same behavior as the position of fault as No. 1 but the amplitude of fault current is less than the other.
After analyzing the interturn fault current in case of no-load, the mechanical load for the experimental setup is also taken into analysis during the interturn fault occurrence in order to study the impact of load. The results are shown in Table 2 while the examples of fault current signals from the experimental setup with various loads are illustrated in Fig. 4 .
Considering the data in Table 2 , the weight of mechanical load is divided into 4 sizes which are compared with the base case (no-load). By changing only the weight of mechanical load which the interturn fault occurs between position No. 2 and No. 3 (the length of fault gap is step 1), it can be seen that the root mean square current (I rms ) tends to increase significantly with the increase of the weight of mechanical load and more than the base case (no-load). To support this assertion, the interturn fault occurring between position No. 2 and No. 4 (the length of fault gap is step 2) is similarly considered as an example; it can be observed that the root mean square current (I rms ) has the same behavior as the interturn fault occurring between position No. 2 and No. 3 but the amplitudes of current on each weight are higher than the case of the length of fault gap as step 1. 
Conclusions
This paper presented the behavior of interturn fault on stator winding of induction motor. The fault signal was obtained from the experimental setup. The winding of induction motor is divided into 5 positions so that the interturn fault signals can be obtained. The results from interturn fault characteristics study are shown that current waveform during interturn fault has a sudden change and increases in short period of time. In addition, the various case studies were performed by changing the position of fault, the length of fault gap including varying the mechanical load. The results can be summarized as follows:
• By considering the position of fault in case of no-load, the obtained root mean square current (I rms ) tends to slightly decrease with the increase of the fault position.
• By considering the length of fault gap in case of no-load, the obtained root mean square current (I rms ) tends to significantly increase with the increase of fault distance between two turns when the position of the second defective turn is moved onto the winding.
• By changing the weight of mechanical load and not the position of fault, the obtained root mean square current (I rms ) tends to slightly increase with the increase of the weight of mechanical load, and in comparison with the case of no-load, the obtained root mean square current (I rms ) has a value more than the base case (no-load).
Finally, the results obtained from the analysis will be beneficial in the development of the fault detection scheme.
